Abbreviations & Acronyms ANT-X = automated needle targeting with X-ray CT = computed tomography ECIRS = endoscopic combined intrarenal surgery ESWL = extracorporeal shockwave lithotripsy fURS = flexible ureteroscope GA = general anesthesia HRQoL = health-related quality of life PCNL = percutaneous nephrolithotomy RIRS = retrograde intrarenal surgery SA = spinal anesthesia SHPT = self-help position therapy SMP = super-mini-PCNL SWL = shockwave lithotripsy TAP = transureteral lithotripsy-assisted percutaneous nephrolithotomy TUL = transureteral lithotripsy UAS = ureteral access sheath UMP = ultra-mini-PCNL URS = ureteroscopy UTI = urinary tract infection Abstract: Urinary stone disease, or urolithiasis, is a very common disease with increasing prevalence and incidence. With the advancement of endoscopic techniques, the treatment outcomes of ureteroscopy (or transureteral lithotripsy) and percutaneous nephrolithotomy are continuously improving. In recent years, there have been many new developments in the field, including new endoscopy design, more effective auxiliary tools, improvement in treatment protocols, introduction of robotic technology, combining both ureteroscopy and percutaneous nephrolithotomy (endoscopic combined intrarenal surgery or transureteral lithotripsy-assisted percutaneous nephrolithotomy), improvement in laser technology, and so on. All these new inputs will further improve the treatment efficacy and safety of the procedures, thus benefiting our patients. In the present review, we briefly go through the main steps of ureteroscopy and percutaneous nephrolithotomy, with a concise description and application of these new advances.
Introduction
Urinary stone disease, or urolithiasis, is a very common disease in the urology field. The prevalence of urolithiasis had increased from 3.2% in 1976-1980 to 8.8% in 2007-2010 in the USA, 1 similar trends were also found in different regions of the world. 2, 3 The increasing trends in the prevalence and incidence are believed to be due to the change in lifestyle and diet, and more sensitive imaging. 2 Although urolithiasis is a benign disease, because of the increasing prevalence and incidence, it also causes an increase in burden on the healthcare costs, 1,2 including: (i) direct costs from stone removal, metabolic evaluation and medical management; (ii) indirect costs from administration, maintenance and productivity loss; and (iii) re-treatment cost. 4, 5 Studies on the worldwide trend in the treatment for urolithiasis showed an increasing trend for URS, stable for PCNL and a gradual decline for ESWL. 2, 6, 7 These were largely related to the rapid development in endoscopic technologies, including new endoscopy design, more effective auxiliary tools, improvement in treatment protocols, introduction of robotic technology, combining both URS and PCNL [ECIRS; or TAP], improvement in laser technology, and so on. The stone clearance rate would hopefully improve with these developments, thus reducing the cost for re-treatment. Therefore, the aim of the present review article was to go through the procedures of both URS and PCNL in a stepwise manner, and provide an update on the latest developments. We hope this review will help readers to update on the recent developments in endoscopic stone treatment and improve the care for patients. 8 cannot be temporarily discontinued, a bridging therapy might be required, or they might need to discuss undergoing RIRS, for the management of the stone.
The procedure can be divided into six stages: (i) preoperative preparation; (ii) anesthesia; (iii) initial preparation; (iv) tract creation; (v) lithotripsy; and (vi) postoperative care (Table 1) .
Preoperative preparation

Preoperative imaging study
Good imaging assessment before surgery is essential for surgical planning. CT remains the gold standard for diagnosing urolithiasis, with the advantages of being readily available, having higher diagnostic accuracy, faster imaging acquisition and shorter evaluation time. 10, 11 CT also can evaluate the relationship of the stone to other organs. With intravenous contrast, the function of the kidneys, as well as the anatomy of the pelvicalyceal system, can be determined.
Preoperative antibiotics
For the preoperative urine culture, there is a geographicdependent variation in the preoperative urine cultures, yet Escherichia coli was the most commonly isolated organism among all regions and Proteus spp. being the second most common overall. 12 Stone culture or renal pelvic urine culture is suggested to have better identification of the responsible organism for post-PCNL urosepsis. 13 The risk of infection of PCNL is up to 35% for UTI and 10% with fever >38.5°C.
14 In the CROES PCNL study group, they reported 10.5% for postoperative fever >38.5°C. 15 Antimicrobial prophylaxis is important for the prevention of postoperative infection. 16, 17 However, the optimal timing, dosing and duration of this is not well defined. Table 1 Step by step consideration in PCNL The choice of antibiotics needs to be individualized and adjusted according to the local antibiogram. Because of the increasing resistant bacterial strains, first-and second-generation cephalosporins are not recommended as prophylaxis. 19, 20 There were reports showing that a 1-week course of antibiotics (nitrofurantoin or ciprofloxacin) before PCNL could reduce the postoperative infection or systemic inflammatory response syndrome by threefold, especially in patients with high-risk features, such as stones >2.5 cm and the presence of hydronephrosis on intravenous urogram or non-contrast CT. 21, 22 However, the latest evidence also showed that a single dose of prophylactic antibiotics is sufficient. 18, 23, 24 Having said that, extended antimicrobial use is associated with a low rate of antibiotic-related adverse events; 25 therefore, we suggest the use of 1-week antibiotics before PCNL.
Use of antiplatelet and anticoagulants
Because of the increasing incidence of cardiovascular disease worldwide, antiplatelets and anticoagulants are commonly used nowadays for the primary and secondary prophylaxis of cardiac and thromboembolic events. 26 However, there is no evidence to show that anticoagulants are safe to be continued during the procedure, and guidelines would recommend consulting an internist and commence bridging therapy. 27 Limited evidence showed that continuation of a low-dose antiplatelet is safe during PCNL;
28-30 therefore, we need to balance the risk of thromboembolic events with that of bleeding complications to determine whether to withhold low-dose antiplatelets before the procedure.
Anesthesia
PCNL is usually carried out under GA. However, reports also suggested that local anesthesia with intravenous sedation is feasible, if the GA risk is high. 31 Regional anesthesia is also an alternative. Therefore, the choice of anesthesia depends on the patient's preference, position preference by surgeon, surgical expertise and estimated procedure time. 32 
Initial preparation
Placement of ureteric catheter
Placement of a ureteric catheter is traditionally carried out with the patient lying in the dorsal lithotomy position with a rigid cystoscope. Many other modifications have been made, such as carrying out flexible cystoscopy with the patient in the supine position or prone with split-leg position. 33 The advantage of carrying out supine flexible cystoscopy is that it provides a more familiar endoscopic view and it can reduce the number of position changes. Some centers will use a balloon catheter to occlude the upper ureter, which could provide a more distended system and avoid dropping of fragments into the ureter. 34 
Patient position
There are many different positions to perform PCNL; however, it can be classified into two different large categoriesprone and supine. 35 According to an Internet survey, up to 86% of surgeons prefer the prone position. 36 Although the debate of supine versus prone position in PCNL has gone on for years, the results are still conflicting. [37] [38] [39] [40] In general, the advantages for supine PCNL include shorter operative time and less transfusion with similar stone-free rates and complication rates. However, puncture needs to be carried out under ultrasound guidance, and limited access for supracostal puncture would be a limitation.
Tract creation
The puncture to access the collecting system through the desired calyx is the most vital step during the whole procedure. Several issues have to be considered, including the image guidance, the selection of the calyx to be punctured, the number of tracts and whether bilateral PCNL can be carried out.
Use of image guidance during puncture
Although access to the collecting system can be achieved blindly without any imaging system, 41 it is more appropriate to carry out the puncture under image guidance. Fluoroscopy was the most common imaging system used: 63.3-79.7% used fluoroscopy exclusively and 15-16.9% used ultrasound. 15, 42 Fluoroscopic-guided puncture can be carried out by either the triangulation technique or the "bull's eye" technique, either of which do not affect the complication rate. 43 Although less commonly used, ultrasound-guided puncture has shown advantages over fluoroscopy-guided puncture, including no radiation exposure, shorter access time, reduced intraoperative blood loss, lower rate of operative complications and blood transfusion, and a higher stone-free rate. [44] [45] [46] [47] [48] In contrast, it only provides a limited field of view, and it is also difficult to monitor the subsequent procedures, such as dilatation and checking for residual stones.
Recently, there has been a report on a robot-assisted device for puncture, using ANT-X, which was successful at the first attempt in a human trial. 49 Although the results of this study are quite promising, the use of robot-assisted puncture requires further investigations.
Site of puncture
Punctures through the upper calyceal group can usually gain access to the pelvicalyceal system, as well as the upper ureter. However, the complication rate is higher with a rate up to 30-38%. 50, 51 Hydrothorax is more common with supracostal puncture (15.3%) than subcostal puncture (1.4%). 52 A recent retrospective study showed that PCNL through any calyceal group was shown to be safe and effective, 53 and the stone-free rate seems to be more dependent on stone size and complexity than the site of the puncture. 51 Traditionally, the puncture is recommended to go through the calyceal fornix to avoid vascular injury. 54 A recent trial showed that the infundibular approach for PCNL to the posterior middle renal calyces is not associated with higher blood loss. 55 Further studies are required to confirm this new observation.
Dilatation of tract
There are three different methods for tract dilatation: (i) serial dilatation; (ii) balloon dilatation; and (iii) one-step dilatation.
Serial dilatation is the most established technique in gaining access to the collecting system. There are two types of serial dilatation: (i) the telescopic metal dilatation (Alken dilators); and (ii) the semi-rigid fascial dilatation (Amplatz dilators). Both are equally safe, 56 and do not differ in terms of hemoglobin drop and blood transfusion. 57 However, Alken dilators were shown to have higher infective complications due to the fact that an access sheath was not used during the study, and Amplatz dilators were associated with higher pleural injuries, as they were used more for intercostal puncture. 57 Both had similar stone-free rates and complication rates, with Alken dilators being more cost-effective. 58 Balloon dilatation has the advantage of less radiation exposure, but has a lower success rate, especially in patients with calyceal stones or staghorn stones 59 and previous renal surgery. 60 Because of the tapered end of the balloon, the tract created by the balloon might not provide complete access to the collecting system. 61 In an effort to reduce the radiation exposure, one-step dilatation using a semirigid dilator was introduced. 62 It was shown to be feasible, safe and well tolerated, with outcomes comparable with standard Alken dilators and less radiation exposure for intraoperative staff. 63, 64 To conclude for the dilatation techniques, comparative studies showed that none of the aforementioned dilatation methods were significantly better than another, and the choice depends on the clinical situation, stone condition and surgeon's preference. 65, 66 Size of tract Currently, there are at least two nomenclature for PCNL tract size, which might lead to confusion (Table 2) . 67, 68 Although the stone clearance rate is good with the standard PCNL, mini-PCNL has been shown to have less blood loss, reduced hospital stay and more tubeless procedures without compromising the stone clearance rate or increasing the infective complications. [69] [70] [71] [72] However, there are controversies on whether procedure time is prolonged. 69, 70 The use of multiple tracts with mini-PCNL for treating staghorn stones has also been shown, and it was noted that the use of multiple mini-PCNL tracts is associated with a higher clearance rate with a similar complication rate. 73 UMP or SMP and micro-PCNL were developed in order to further reduce the complication rates without compromising the stone clearance rate. In general, the tract sizes were <15-Fr (UMP <15-Fr, micro-PCNL <10-Fr). 67 A recent systematic review concluded that UMP and micro-PCNL can yield good stone-free rates with low morbidity, and should be considered when ESWL or RIRS are prone to fail or have failed. 74 In contrast, when mini-PCNL was shown to have higher stonefree rate than RIRS, UMP and micro-PCNL had similar stone-free rates with RIRS, and therefore mini-PCNL was recommended for renal stones, as the current evidence has shown. 75 
Number of tracts
Multiple tract PCNL has been shown to be safe and effective, with 84-95% complete clearance rate. 76, 77 Nevertheless, bleeding is more common with this approach. 77, 78 Unilateral versus bilateral PCNL Traditionally, bilateral renal stones have been treated with a staged procedure. Because of technological advances, bilateral synchronous PCNL has emerged. 79 It has the advantage of having a higher stone clearance rate (78-92%) in a single anesthesia, lower anesthetic risk and shorter total hospital stay (3.9-6 days). [79] [80] [81] [82] [83] [84] The complication rate was certainly higher, but was limited to Clavien grade I and II complications, in which equal rates of grade III complications were present with respect to unilateral PCNL. 85 Despite an encouraging result, up to 30% of the anticipated bilateral PCNL might be limited to single-sided procedure, depending on the intraoperative events. 86 Therefore case selection for patients undergoing bilateral PCNL is required.
79,84,86
Intracorporeal lithotripsy
There are four common forms of intracorporeal lithotripsy technology. While pneumatic and ultrasound energy require rigid endoscopes, laser and electrohydraulic lithotripter can be used with both rigid and flexible endoscopes. Because of the high incidence of tissue injury, electrohydraulic lithotripsy is seldom used nowadays. In this section, we discuss pneumatic and ultrasound energy lithotripsy, and leave the discussion about laser lithotripsy for later in the URS and RIRS section.
In PCNL, the choice of lithotripsy technology depends on tract size. In standard PCNL with tract size ≥24-Fr, any of the aforementioned lithotripsy techniques can be used. An ultrasound lithotripter has the best efficiency, and stone fragments can also be sucked out. Harder stones might require pneumatic energy for better efficiency, or combined pneumatic and ultrasound lithotripter. For mini-PCNL and UMP (or SMP), pneumatic or laser lithotripsy would be the choice of instrument.
During the whole procedure, physiological solutions should be used for irrigation to minimize the risk of dilutional hyponatremia in case large volume extravasation occurs. 87 Irrigation fluid should be maintained within ≤80 cm above the patient to minimize intrapelvic pressure. 88 Normally, gravitational force would be adequate for irritation. If view is suboptimal as a result of bleeding, careful inspection for any Table 2 Two classifications of tract size of PCNL © 2018 The Japanese Urological Association bleeding sites along the tract and the use of an Amplatz sheath to tamponade the bleeding spot might be considered.
Postoperative management
Complications
Complications should be actively sought during and after the procedure. A global study carried out by the Clinical Research Office of the Endourological Society showed the complication rates were 15-20%. 15, 89 The most frequent complications were bleeding and fever, with urinary leakage, renal pelvis perforation, hydrothorax, hematuria, UTI, and urinary fistula commonly encountered, and the proportion of complications with Clavien score III or above was 4.3%.
Bleeding complications are usually treated conservatively, with a transfusion rate of 5.7%. 15 Up to 1% of the patients required renal angiography with embolization. [90] [91] [92] Repeat embolization up to three times, partial nephrectomy or renorrhaphy are options for failed embolization. 93, 94 Urinary leakage, renal pelvis perforation and urinary fistula might require double-J ureteric catheterization, and hydrothorax might require chest drain insertion.
Nephrostomy placement
Traditionally, a nephrostomy will be placed after the procedure, and usually would be of a slightly smaller size than the tract in order to tamponade the tract for hemostasis and also for drainage of urine. If no second look procedure is planned, the PCNL could be removed within 2-3 days. Canales et al. tried to place a 6-Fr nephrostomy after a standard PCNL, which had better pain control, and earlier recovery and discharge. 95 Tubeless PCNL, with or without ureteric stent, has significantly reduced postoperative pain and hospital stay when compared with standard PCNL with nephrostomy tubes. [96] [97] [98] [99] However, it is important that the inclusion criteria are strict in most of these studies; therefore, the recommendation for tubeless PCNL is for selected patients.
Following the above discussion, it might seem that there is no need for multiple nephrostomy tubes in multi-tract PCNL, and this was confirmed by a retrospective study showing single or no nephrostomy drainage after multiple tract PCNL decreased postoperative pain and hospital stay without increasing complications. 100 As the patient-reported outcome is receiving more attention, the quality of life of patients with tubeless PCNL has been acknowledged, and it was shown that patients with nephrostomy tube or open-end ureteral stent has better HRQoL when compared with double-J stenting. 101 
Ureteroscopy and retrograde intrarenal surgery
URS usually refers to semi-rigid URS and is one of the treatments for ureteral stones. Other treatments include medical expulsive therapy and SWL. In a meta-analysis for the management of ureteral calculi, it was shown that URS has better stone-free rates than SWL in all situations, except in upper ureteric stones <10 mm. 102 With the development of flexible URS, RIRS is becoming an important choice of treatment for renal stones. Studies have compared RIRS with SWL for stones, which concluded that RIRS is more effective than SWL to treat 10-20 mm radiolucent lower calyceal renal stones. 103, 104 When compared with PCNL, RIRS has been shown to have fewer complications, shorter operative time and radiation exposure, and shorter hospital stay. 103 Therefore, RIRS is gaining popularity for renal stones, especially stones of 10-20 mm in size.
This procedure can be divided into five steps: (i) preoperative preparation; (ii) anesthesia; (iii) initial preparation; (iv) lithotripsy; and (v) finishing and postoperative care (Table 3) .
Preparation
Preoperative ureteral stenting for URS Preoperative ureteral stenting was suggested to attain passive dilatation of the ureter in children, 105 and the idea was applied to adult cases of RIRS to facilitate both upper tract access and stone removal. 106 Preoperative ureteral stenting was shown to decrease the cost, operative time and reoperative rates of URS, as well as increasing the stone-free rates and decreasing complications. [106] [107] [108] However, recent studies showed that the failure rate of URS in unstented patients was as low as 7.7%, and the stone-free rate and operative time were of insignificant difference. 109, 110 Furthermore, Kaler et al. suggested that 1-week preoperative tamsulosin increased the success rate of a 16-Fr access sheath deployment. 111 These findings are in keeping with the current guideline recommendation, which state that routine stenting is not necessary before URS. 27 However, patients have to be informed that there will be a low risk of failed URS due to a tight ureter.
Anesthesia
In RIRS, GA is preferred, as patient might feel pain with SA, which could result in unwanted trauma as a result of inadequate relaxation of ureters or variable breathing movements. 112 Nevertheless, some studies proved that SA 113 or combined spinal-epidural anaesthesia 114 are feasible and effective, in particular for lower ureteric stones.
Preparation
Positioning of patient
The standard position is dorsal lithotomy position. Laboratory work has been carried out to elucidate that the inclination can have a role in the prevention of retropulsion. 115 With this in mind, it is reasonable to have different variations suggested to improve the stone-free rate, examples include the Trendelenburg position 116 and the oblique supine lithotomy position. 117 Some positions facilitate the procedure being carried out with PCNL, such as the prone split-leg position 118, 119 and the Galdakao-modified supine Valdivia position. 120 Similar to that of PCNL, patient's comorbidity and anesthetic risk, stone load and stone position, together with the planned procedure, surgeon's experience and preference should be taken into account for the decision on the position during URS/RIRS.
Safety guidewire
Traditionally, safety guidewire is inserted for all endourological procedures. However, a recent study showed that safety guidewire might not be necessary for all RIRS, except for patients with complicated anatomy, difficult access, concomitant ureteral stone, simultaneous stone basketing or bulky stone burden. 121 
Dilatation of the ureteral orifice
Traditionally, the ureteral orifice needs to be dilatated before passing a ureteroscope, as the ureteroscopes have a large caliber. This can be carried out using pressure-controlled hydraulic dilatation, 122 balloon dilators, ureteral dilators or forceps. 123 With technological advances, ureteroscopes have a smaller caliber and dilatation is usually not necessary.
Ureteroscopy
For all procedures, after the cannulation of the ureteric orifice, URS will be carried out to deal with the ureteric stones. Usually, rigid URS will be used for initial inspection and also most ureteric stones. However, if there is any resistance, in particular for upper ureteric stones, flexible URS will be used. Even if there is no ureteric stone noted in the preoperative imaging studies and RIRS is planned, a URS would also be preferred, as it can inspect the ureter for any abnormality, and also gauge ureter size. 124 
Prevention of retropulsion
Preventing proximal stone migration is important to attain a high stone-free rate and to reduce the cost. Retropulsion can occur during ureteroscope insertion, due to irrigating fluid pressure or during lithotripsy. 125 There are devices to prevent retropulsion and they can be divided into several categories: stone baskets, suction devices, balloon catheters, guidewire devices and gel-base devices. 125 There are also reports showing the use of a coil formed by an angled-tip guidewire proximal to the stone 126 or the use of warm saline irrigation. 127 Nevertheless, the global use of antiretropulsive devices was approximately just 14.5%. 128 
Ureteral access sheath
Nowadays >90% of RIRS will use UAS in order to facilitate the repeated passage of ureteroscope and therefore minimizing damage to the ureter. 129, 130 It also improves the irrigation fluid flow and visualization, reducing operative time and cost. 109, 131 It also decreases the intrarenal pressure 112 and reduces infectious complications. 132, 133 Even though UAS has all the advantages mentioned above, there are single-center experiences and global study registries showing that UAS did not improve the stone-free status. 132, 134, 135 The dwell time of UAS is also shown to be associated with postoperative pain. 136 Furthermore, UAS might lead to ureteral wall injury and ischemia, and hence a theoretical risk of ureteral strictures. 129 Despite these risks, the use of UAS in RIRS is safe overall, and would be highly recommended. 137 UAS from different companies have been compared. 138 There are several modifications to the standard UAS to further facilitate the whole endoscopic procedure. Flexor Parallel (Cook Medical, Bloomington, IN, USA) has a slit on the tip of the dilator to allow the working guidewire to be converted to a safety guidewire. Another design adding an oblique suction-evacuation port with a pressure regulating mechanism has been developed to improve the stone clearance and improve the visual field.
139
Choosing a flexible ureterorenoscope
There are two different kinds of fURS, namely fiber-optic fURS and digital fURS. For the digital fURS, they can be reusable and disposable. In general, fiber-optic fURS has the 112 However, they might have a higher initial cost, maintenance and repair cost.
Disposable fURS provides a ready to use high-quality image endoscope. A cadaveric study showed that disposable fURS is comparable with conventional fiber-optic and digital fURS in terms of visibility and manipulation into the collecting system. 140 With the advancement of robotic technology, a passive remote robotic catheter manipulator of an optical fiberscope was described by Desai in 2008 with a potential advantage of increased range of motion, instrument stability and improved ergonomics. 141 Newer models have been developed, which support the concept of "add-on module" using the commercially available fURS to attach onto the robot system. 142, 143 Initial results showed that the robot-assisted system provides similar outcomes and is better ergonomically with the conventional fURS. 144 The role of robot-assisted fURS requires further evaluation from clinical studies. 145 
Repositioning of stone
For lower pole stones, the fURS needs to have near maximum flexion and rotation to reach the lower pole stones, which might lead to fatigue, and subsequent arm tremors and loss of long-term productivity for the urologist as a result chronic motion injury. 143 Repositioning the lower pole stone to a more convenient location (e.g. the upper pole or the renal pelvis) will help to improve the efficient and ergonomic position. 146, 147 Recently, there have been animal studies on the use of transcutaneous focused ultrasonic pulses to reposition stones from the lower pole calyx to the renal pelvis, [148] [149] [150] [151] and it was shown that the energy generated from the ultrasonic propulsion is well below the threshold for tissue injury. 152 The first trial in humans showed that repositioning of a small stone (<5 mm) to a new position was feasible with this technology. 153 However, further study is required for the clinical use of transcutaneous focused ultrasonic pulses.
Lithotripsy
For rigid URS, pneumatic lithotripsy can be used with the advantage of being more efficient, but with the risk of retropulsion. Laser lithotripsy can be used as well.
Because of the flexible nature, laser lithotripsy is the only choice for fURS. Holmium:YAG (yttrium-aluminum-garnet) laser is the most widely used laser for ureteroscopic lithotripsy because of its high efficiency. 154 There are different sizes of laser fibers available. In general, the larger the fiber, the more power it can transmit, but in turn it is less flexible, which might hinder the deflection of the fURS; 155 also, it might use up the majority of the working channel, leading to reduced flow of irrigation.
The most common strategies of lithotripsy are "dust and leave" versus "fragmentation with extraction." Different techniques are used to attain the aforementioned strategies, including dancing, chipping, fragmenting and popcorn techniques. Dusting utilizes low-energy and high-frequency holmium laser (e.g. 0.2-0.3J 9 40-70 Hz) to break the stones into fine fragments like dust and expecting it will pass spontaneously; fragmentation uses high energy and low frequency (e.g. 0.8-1.4J 9 6 Hz) to break the stones into smaller fragments and then retrieve with a basket. 156 Both methods have advantages and disadvantages, and there is little evidence that one is better than the other. [156] [157] [158] The EDGE Research Consortium has a comparative study on "dusting" and "basketing"; basketing showed better stone-free rates in univariable, but not multivariable, analysis with a significantly longer operative time. 158 Different modes of holmium:YAG laser can have a significant impact on the prevention of retropulsion. Pulse duration is one of the parameters we can work on, and long pulse duration was shown to reduce stone pushback in reproducible experimental conditions. 159, 160 Moses technology in holmium:YAG laser has been shown to significantly reduce retropulsion, in both dusting and fragmentation settings. 161, 162 A case series using the Moses technology for lithotripsy has been shown to decrease stone retropulsion in 18 of 23 procedures, with a trend of better fragmentation rate. 163 Cost-effectiveness analysis also showed that the decrease in lasing time achieved by the Moses system does not translate into sufficient cost savings to offset the higher cost of the laser fiber and software. 164 Finishing and postoperative care
Complications
As with PCNL, complications should be actively sought during and after the procedure. The postoperative complication rate is just 3.5% with URS, usually presented as fever (1.8%). The transfusion rate is just 0.2%. UAS-related ureteral injury is up to 46.5%, and therefore the ureter should be inspected after URS and any injuries should be graded. 165, 166 Stenting after procedure Ureteral stenting with a double-J stent is usually practiced after URS or RIRS, especially when UAS is used. It is believed that its use will decrease postoperative complications, 167 and stents will be removed in 3-14 days to minimize the complications. [168] [169] [170] However, forgotten stents is an important issue, with a report rate of up to 12.5%. 171 Two important ways to reduce the incidence is to increase the patient's awareness about the presence of the stent and have proper documentation. 172 Booking an appointment for removal of the stent immediately after insertion and explaining to the patient that they need to have follow up for stent removal would increase the patient's awareness, as well as sending them text message reminders for the appointment. 173 Proper documentation includes a database of patients who had a stent placed, which is reviewed regularly to identify those who have not appeared for follow up on time, and smartphone applications have been developed for this purpose. 171, 174 Considering the stent symptoms, it is a difficult condition to treat, as the mechanism is not well known, and treatment includes alpha-blockers, anticholinergics, anti-inflammatory medications and narcotic pain medications. 175 In contrast, a retrospective study has shown that a postoperative ureteral stent is not necessary after fURS using an access sheath in pre-stented patients, leading to the thought of not inserting a stent, which could avoid patients having stent symptoms, as well as preventing forgotten stents. 176 Ways to improve stone-free status A fragmented stone has to be passed in order to attain stonefree status, especially after dusting procedures. From the experience of SWL to lower pole stones, mechanical percussion in an inverted position with diuresis can aid the passage of stone fragments from the lower pole, 177 -179 yet a Cochrane review suggested further well-designed and adequately powered studies should be carried out to inform clinical practice. 180 A contralateral head-down tilt position after fURS was shown to significantly improve the stone-free rates. 181 Transcutaneousfocused ultrasonic pulses were also shown to help post-lithotripsy patients to pass stones, although further study on the use of this technology is required before generalized clinical use. 153 Endoscopic combined intrarenal surgery ECIRS made its appearance in 2008, using both PCNL and RIRS to treat larger stones (with total surface area >300 mm, 2 or largest diameter >20 mm), with the advantage of avoiding multiple tract PCNL and thus bleeding complications. 182, 183 Thereafter, modifications to the original procedure, including the use of mini-PCNL instead of standard PCNL 184 and the use of semi-rigid URS instead of RIRS for upper ureteric stones, 185 was developed. Also, the indication was expanded to having ECIRS in post-PCNL residual stones 186 and stones in the ileal ureter. 187 We believe this procedure will continue to develop and will bring changes in practice in the near future.
Conclusion
With the increasing share of URS and PCNL in the current urology practice, updates on the latest developments will improve both the safety and efficacy of the operation; and with the improvement in technology, more streamlined procedures will be developed with the use of better techniques and auxiliary tools, leading to procedures with better ergonomics and improved stone-free rates.
